The grapevine moth (Lobesia botrana) is the most significant pest of viticulture. This article reports the development of an analytical method that allows the instrumental determination of the three main pheromone components of the pest ((E,Z)-7,9-dodecadien-1-yl acetate, (E,Z)-7,9-dodecadien-1-ol and (Z)-9-dodecen-1-yl acetate) in grape-related samples (must, table grape and wine grape). The combination of headspace, gas chromatography and mass spectrometry provides limits of detection in the range of 60-420 ng/Kg and precision, expressed as a relative standard deviation, better than 8.5%. This analytical approach is rapid and simple and opens a door to the study of the pest incidence on the final products.
Introduction
The grapevine moth, Lobesia botrana Lepidoptera: Tortricidae, is the main grape pest in the Mediterranean basin [1] . Pest damage is mainly caused by larvae feeding on grapes, which leads to fungal colonization of wounds and fruit rot [2] . In Europe, the management of grape wine moth has relied primarily on the timing of conventional insecticides [3] [4] [5] . Pesticides in agriculture have a negative public perception as they increase the risk of environmental damage [6] [7] [8] . This has generated a demand for less harmful protection strategies as an alternative to traditional pest control [9] .
Reliable monitoring systems and selective means of pest control are two prerequisites of integrated pest management. Insect pheromones have achieved a reputation in both areas. During the past few decades, sex pheromones and related attractants for hundreds of insect species, mostly of the order Lepidoptera, have been characterized. As a result of these studies, monitoring traps for numerous agricultural pests have been made available to growers and advisory services.
The main component of the grapevine moth sexual pheromone was identified as (E,Z)-7,9-dodecadien-1-yl acetate [10, 11] . Two related compounds, (E,Z)-7,9-dodecadien-1-ol and (Z)-9-dodecen-1-yl acetate, were later discovered in the female sex pheromone gland and found to have a synergistic effect on the male catches [12] . These findings were crucial for the application of pheromone-based control and monitoring techniques. In fact, mating disruption is currently the most successful and widespread technique for controlling the moth in Europe. It is based on the use of a high concentration of the main component of the female pheromone to confuse the male and thus avoid mating [13] . In addition, sex pheromone-baited traps were developed for monitoring the L. botrana population, playing an important role in pest detection and treatment timing.
Pheromone determinations have been employed for different purposes [14] [15] [16] including the detection of insects [17] . In this sense, our research group has developed some analytical approaches for the detection of the major components of the Tuta absoluta pheromone in tomato, water and air [18, 19] and the main component of the Bactrocera oleae pheromone in olives [20] . The same basic configuration is proposed in this article to identify the three components of the Lobesia botrana pheromone in grape-related samples. All of the variables involved in the extraction process have been considered in depth. Once optimized, the method was characterized in terms of linearity, sensitivity and precision, being finally applied to the identification and quantification of the three main components of the pheromone in grape samples and must. To the best of our knowledge, this is the first analytical methodology that achieves the instrumental determination of the presence of the pheromone components of grapevine moth pest in grape-related samples.
Materials and Methods

Reagents and Samples
All chemicals used were of analytical grade or better (purity > 99%). Major components of sex pheromone of grapevine moth (Lobesia botrana): (E,Z)-7,9-dodecadien-1-ol (component A), (E,Z)-7,9-dodecadien-1-yl acetate (component B) and (Z)-9-dodecen-1-yl acetate (component C), were purchased from Sociedad Española de Desarrollos Químicos, S.L. (Barcelona, Spain). Stock standard solutions of each analyte were prepared in methanol (Scharlab, Barcelona, Spain) at a concentration of 5 g/L and stored at 4 • C. A working solution containing the three components of pheromone was daily prepared by dilution of the stocks with methanol.
Different samples, including table grapes, wine grapes and must were considered in this study. All the samples were purchased at local markets. Grapes used for making white ("Moscatel" variety) and red ("Cabernet sauvignom" variety) wines in Córdoba (Andalusia, Spain) were included in this study. Unwashed fresh grape samples (stored at 4 • C) were ground and homogenized using a blender (UltraTurraz) for 2 min at ambient temperature. The treated sample was then placed in 100 mL vials and frozen at −18 • C until its analysis.
HS-GC-MS Analysis
Headspace analyses were performed on a MPS2 32-space headspace autosampler (Gerstel, Mülhein, and der Ruhr, Germany) including a robotic arm and an oven. An automated injector fitted with a 2.5 mL gastight HS-syringe (heated at 80 • C) was used for the introduction of 2.5 mL of homogenized headspace from the vial into the HP6890 gas chromatograph (Agilent, Palo Alto, CA, USA) equipped with an HP5973 mass spectrometric detector based on a quadrupole analyzer and an electron multiplier detector. System control and data acquisition were achieved with an HP1701CA MS ChemStation software.
The gas chromatograph was equipped with an HP5MS fused silica capillary column (30 m × 0.25 mm i.d.) coated with 5% phenylmethyl-polysiloxane (film thickness 0.25 µm; Agilent, Palo Alto, CA, USA). The column oven was initially held at 40 • C for 2 min, raised to 200 • C at a rate of 10 • C/min and finally raised to 300 • C at 50 • C/min and maintained for 2 min. The mass spectrometer detector operated in selection monitoring mode recording the following m/z fragment-ions in a single window: 67, 68 and 79. Electron impact ionization (70 eV) was used for analytes fragmentation. The injector, MS source, and quadrupole temperatures were kept at 270, 230, and 150 • C, respectively. The peak areas were used for quantification of the individual analytes.
Analytical Procedure
Aliquots of 6 g of ground samples (grapes or must) were accurately weighed in 10 mL headspace vials and 0.6 g of NaCl were added. Then, the vials were hermetically sealed with a silicone septum and placed into the autosampler. The robotic arm took each vial from the tray and transferred it into the oven where samples were heated at 80 • C for 30 min under mechanical stirring (750 rpm) to ensure the equilibration of the analytes between the two phases. Then, 2.5 mL of the gaseous phase were sampled by the gas-tight syringe (heated at 80 • C) and injected into the gas chromatograph/mass spectrometer, where the separation and identification/quantification of the analytes took place.
Results and Discussion
Optimization of Experimental Variables
The aim of this study was to develop a simple, highly efficient and sensitive analytical method for the determination of three grapevine moth pheromone components in grape-related samples. The optimization of the method was done using grape samples spiked with the three components at an individual concentration of 10 µg/Kg. Different variables, which are summarized in Table 1 , may affect the efficiency of the extraction procedure and therefore their effects were considered in depth. Table 1 also reflects their initial and optimum values as well as the interval studied. The optimization was performed under a univariate approach. In order to study the effect of the temperature on the extraction efficiency, the oven of the headspace module was maintained at different temperatures, namely: 40, 50, 60, 70 and 80 • C. This interval was selected based on the distribution equilibrium of the three analytes between the sample and the vial headspace. The analytical signal increases for the three components with the temperature, as shown in Figure 1 . However, temperatures over 80 • C were not assayed in order to avoid excessive vial pressures when samples with high water content are analyzed. An optimal extraction temperature of 80 • C was chosen. The effect of the headspace volume injected in the gas chromatograph was evaluated in the range from 0.5 mL to 2.5 mL. As expected, the peak areas of the analytes increased with the injected volume. The highest peak area, which had a negligible negative effect on the chromatographic resolution, was obtained for 2.5 mL.
The partition coefficient of the analytes between the liquid and the headspace is affected by the ionic strength. In fact, this variable may present two contradictory effects. On the one hand, it can decrease the solubility of the target analytes in water, by the so-called salting-out effect, favoring their transference to the gas phase. On the other hand, ionic strength may increase the viscosity of the sample solution, negatively affecting the transference kinetics. The effect of salt addition on the extraction efficiency of the three analytes from the grape sample was investigated by adding sodium chloride (selected as model electrolyte) to the sample in the range 0-300 g/Kg. The results are shown in Figure 2 and indicated that the extraction of all the analytes is positively affected at lower ionic strength (indicating a prevalence of the salting out effect) whereas at higher concentration (over 100 g/Kg) a decrease in the signals was observed (possibly due to the second effect). Attending to the results, 100 g/Kg of sodium chloride was selected as the optimum value for further studies. The sample amount defines the total quantity of analytes present in the vial and the headspace volume. The effect of the sample amount was evaluated at six different levels (0.5, 1, 2.5, 5, 6 and 7 g). The signals for the analytes increased (data not shown) up to 6 g remaining almost constant for higher amounts. Therefore, 6 g was selected as the best value.
Headspace analysis is not an exhaustive procedure because there is a distribution equilibrium of the analytes between the sample and its headspace. Therefore, the incubation time was studied between 2 min and 140 min. The results showed that the signals exhibited a remarkable increase in the range of 2 min to 30 min, reaching a steady-state over this value. Thus, 30 min was selected as the incubation time. This time does not have a great influence on the overall sample throughput since several samples can by extracted simultaneously.
Analytical Figures of Merit
The analytical performance of the proposed method was studied in order to evaluate its usefulness for the quantitative analysis of the three components of the pheromone in grape samples. The figures of merit are summarized in Table 2 . The calibration curves were constructed by analyzing blank grape samples spiked with analytes at different concentrations. Each concentration level was analyzed in triplicate, following the optimized procedure. The method was characterized on the basis of its linearity, sensitivity and precision. The sensitivity of the method was estimated by means of the limits of detection (LOD), calculated for a signal-to-noise ratio (S/N) equal to three, based on the calibration graph parameters. They ranged from 0.06 µg/Kg ((E,Z)-7,9-dodecadien-1-yl-acetate) to 0.42 µg/Kg ((E,Z)-7,9-dodecadien-1-ol). Limits of quantification (LOQ), calculated for a S/N ratio equal to 10, were in the interval of 0.21-1.39 µg/Kg. The linearity was maintained up to 1000 µg/Kg for the three components. The repeatability of the method, expressed in terms of relative standard deviation (RSD, %), was lower than 8.5% (Table 2) calculated from 11 replicate analyses of a blank grape sample spiked with the analytes at a concentration of 1.5 µg/Kg.
Finally, a recovery study was carried out in blank table grape samples spiked with the analytes at a concentration of 1.5 µg/Kg. The samples were left to stand 24 h after spiking to allow potential interaction between the analyte and the sample matrix. The relative recoveries were calculated comparing the spiking level with the concentration obtained after the analysis of the spiked samples. The recovery values ranged from 87 ± 7 to 96 ± 7 which indicates a good accuracy level.
Analysis of Grape Samples
Once optimized and analytically characterized, the proposed method was applied to the determination of the grapevine moth pheromone components in grape-related samples (six samples of table grapes, two must and two wine grapes). Samples were analyzed in triplicate using three independent aliquots. The analytes were not detected in the six table grape samples as was expected. However, must and wine grape samples resulted to be positive and the results are presented in Table 3 . By way of example, Figure 3 shows the chromatogram obtained for the analysis of Moscatel grape sample, where the three components of the pheromone were detected and quantified. In must samples, only Component B was determined. 
Conclusions
In this paper, a HS-GC-MS method for the determination of three components of the Lobesia botrana pheromone in grape-related samples is proposed. Lobesia botrana is an important pest, which can potentially damage crops throughout the growing season. The proposed methodology is completely automated and therefore it can be employed in routine analysis, allowing the determination of the pheromone components at a lower concentration, with precision better than 8.5% in the to ng/Kg level. The usefulness of the proposed approach has been demonstrated by analyzing grape-related samples.
Nonetheless, the proposed method is not able to determine the origin of the pheromone since these molecules can have a natural (pest) or synthetic (trap lure and/or mating disruptant) origin. The potential use of this method for the early detection of the pest would require further studies with a multidisciplinary (chemical and entomological) perspective.
